Samples for whole-rock geochemical analyses were powdered using a tungsten-carbide ring mill. Whole rock samples were analyzed at the Intertek Genalysis Laboratory Services, Australia, following a customized litho-geochemical package (LITH/204x). Major elements were analyzed via XRF, and FeO was determined via acid digestion and titration. Trace elements were quantified by ICP-OES and ICP-MS via dissolution of fused borate lithium glass. Acid digestion of rock powder, followed by ICP-OES and ICP-MS, was used to quantify Co, Ni, Cu, Zn, Li, and Pb. The relative analytical error for major and trace elements is 1% and 1-8%, respectively, and for elements with very low concentrations (lower than 0.1 ppm) up to 10%. Detection limits for all the analyzed elements as well as the results of the analyzed internal standard material BB1 and KG1 (Morris, 2007) are given in table DR1
Faraday Cup (FC) detectors with amplifiers of 10
10 Ω resistor for 16 O and 10 11 Ω for 18 O. An exit slit of 500 μm was used on each of the multicollector detectors, providing a nominal mass resolving power (MRP) of ca. 2500. The magnetic field was regulated using nuclear magnetic resonance (NMR). A normal incidence electron gun was used for charge compensation for all analyses. Typical 16 O and 18 O count rates were 1.8 × 10 9 and 3.5 × 10 6 cps, respectively. The average external precisions (2 SD) for standard analyses of Penglai ( 18 O = 5.31  0.1 ‰; Li et al., 2010) and Temora 2 (e.g.,  18 O 8.2 ‰, Black et al., 2004) zircon were ≤ 0.5 ‰ (Table DR4) , except for session 4 in which small spot sizes were used. zircons. The analytical conditions remained the same except for the following adjustments:
To fit several SIMS spots on to the rim, a small Gaussian beam was tuned to achieve a spot size of less than 3 m. The primary beam intensity was kept at ~100 pA. Prior to analysis, the mount was coated with thin (10 nm) Au and then degassed for a week in the IMS-1280 storage. A liquid nitrogen cold trap was used during the analyses to decrease the background H 2 O level to as low as possible. A 5 m raster beam was used for 60 s pre-sputter, followed by a 2 m raster for the measurement. A small field aperture (2000 m) was used to decrease the electron induced secondary ions from outside of the running spot. Higher mass resolution was achieved to resolve the 16 O 1 H peak from the 17 O peak, by using a narrow entrance slit (60 m) and an exit slit of 200 m. The nominal resolving power was ~6000 (by Cameca definition). 16 O and OH were collected with FCs with a 10 11 ohm resistor, and
18
O was collected simultaneously with an electron multiplier (EM). The EM high voltage was optimised at the beginning of the session. Average count rates were 2.1x10 7 , 4.2x10 4 and 4.2x10 4 cps for 16 O, OH and 18 O, respectively. Each analysis comprised a total of 60 cycles (10 cycles x 6 blocks) with 4 seconds of counting time per cycle. Three zircon reference materials (Temora 2, Penglai, M257) were measured throughout the analytical session to check analysis accuracy/precision and background OH/O level, assuming that they have negligible OH content. The measured OH/O ratios of the sample are corrected for the drift and background determined from the zircon reference material. The OH/O ratios measured in both the rim and the core of TKN58 zircon are low and only slightly higher than those of standards except from spots impinging on micro cracks (Table DR5 ). This indicates that the depleted oxygen compositions of the zircon in this study were not affected by postcrystallization aqueous alteration, but represent primary signatures. This is further supported by the REE pattern of zircon cores and rims that resemble those of typical unaltered zircons ( Fig. DR7) 
Rare earth element (REE) analysis in zircons via LA-ICP-MS
Zircons in grain mounts were analyzed by LA-ICP-MS at the University Western Australia, Perth, Australia. LA-ICP-MS analysis was performed using an X-series II quadrupole ICP-MS attached to an Analyte G2 Excimer laser system (193 nm wavelength) with a standard dual volume cell. The He carrier gas was set at 0.9 l/min (MFC1= 0.6 l/min and MFC2= 0.4 l/min) and was mixed with a nebulizer flow of argon (0.7 l/min) in a glass mixing bulb. A steady flow of ~5 ml/min N 2 was added in order to enhance sensitivity and reduce oxide production before being introduced into the plasma. The mass spectrometer was tuned to maximum sensitivity at plasma conditions of Th/U ~ 1 in a NIST610 glass, and the production of molecular oxide species was monitored by maintaining a low ThO + /Th + ratio ~0.25%. The laser ablation repetition rate was 10 Hz, with a laser fluence of 5J/cm 2 . A spot size of 25 or 35 micrometers was used for the unknowns and 35 and 40 micrometer spot sizes were used for standard reference material NIST610 and NIST612, respectively. The dwell time for each element was set at 20ms. A 30 s background was collected prior to each analysis. Element concentrations were reduced with the Iolite software package (Hellstrom et al., 2008) using bracketing analysis of NIST610 as an external standard with the reference concentrations taken from Jochum et al. (2011) . SiO 2 (31.57 wt.%) was used as the internal standard values for each analyzed grain and NIST612 was analyzed and used as a secondary standard (Table DR6 ).
Figure DR1:
Regional overview of the location of the Archean Narryer Terrane (modified from Wilde and Spaggiari, 2007) . A`) Detailed geology of the sample location, modified from Ho et al. (1990) . Uncertainties are 2SDSelected primary standard for each session is shown in italic. *session with small <3m spot sizes. 
